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PURPOSE:To form a semiconductor thin film having high quality by providing plural porous electrically conductive plates which 
can impress voltages between an activating space and a treating space and using the active species obtd. by controlling the 
charged particles formed in the activating space. 

CONSTITUTION:A substrate 118 is installed on a holder 119 in the treating space 116 and the inside of the space is 
evacuated to a reduced pressure. Gaseous H2 is introduced from an introducing pipe 111 into a bell-jar 102 and the inside of 
the space 116 is reduced to about 0.02Torr. The substrate 118 is then heated to about 220 deg.C. Microwaves are thereafter 
introduced via a square waveguide 108 into a cavity resonator 101 and the ratio of reflected electric power/incident electric 
power is minimized by adjusting the position of a cavity length varying plunger 104 and the opening degree of a diaphragm 
110. Gaseous Si2F6 is introduced via a supply pipe 1 20 and a blow ring 1 1 2 into the film forming space 1 1 6. The hydrogen 
atoms in the excited state converted to plasma are neutralized by the porous metallic sheets 103a, 103b impressed with the 
voltages and are brought into collision against the gaseous Si2F6, by which a chemical reaction is induced and the deposited 
film is formed on the substrate 118. 
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PURPOSE: To prevent the generation of cracking at the time of film formation 
by providing a heating means just behind a film forming region to relieve the 
abrupt temp, change of a traveling long-sized substrate right after the film 
formation at the time of depositing the thin film by evaporation on the sub- 
strate. 

CONSTITUTION: The long-sized substrate 11 is made to travel along a can 12 
set at a prescribed temp, and the fine particles 16 from an evaporating source 
15 are deposited by evaporation in the film forming region 13 via the aperture 
of a mask 18, by which the film formation is executed. The heating means 
14 (lamp or the like) is provided just behind the film forming region 13 to form 
a heating region 17 of the heating intensity smaller than the intensity of the 
thermal load which the substrate 11 receives. The temp, of the substrate 11 
increased by the thermal load at the time of the film formation is gradually 
lowered down to the can temp, in this way, by which the generation of the 
cracking in the film is prevented and the film having the high degree of perfec- 
tion is continuouslv formed. 
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PURPOSE: To produce a strengthened org. material with a carbon-based coating 
film by forming a diamondlike coating film having an optical energy band 
of a specified width on a fibrous org. material. 

CONSTITUTION: Reactive gaseous hydrocarbon such as acetylene or ethylene 
;s introduced into an atmosphere of plasma generated by electric discharge 
under about 0.001-lOTorr pressure and this atmosphere is heated to about 
150-650°C to bring the hydrocarbon into a reaction. By this reaction, a 
diamondlike carbon-based coating film having an optical energy band of 
2.0- 4. fie V width is formed on a fibrous org. material of about g0.3 mm diameter 
such as nylon or 'Tetolorv® " as a core in 0.1-10^m thickness and a strengthened 
org. material having high hardness and high heat conductivity is obtd. 
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PURPOSE: To form a semiconductor thin film having high quality by providing 
plural porous electrically conductive plates which can impress voltages between 
an activating space and a treating space and using the active species obtd. 
by controlling the charged particles formed in the activating space. 

CONSTITUTION: A substrate 118 is installed on a holder 119 in the treating 
space 116 and the inside of the space is evacuated to a reduced pressure. Gase- 
ous H-j is introduced from an introducing pipe 111 into a bell-jar 102 and the 
inside of the space 116 is reduced to about 0.02Torr. The substrate 118 is then 
heated to about 2 2 OX. Microwaves are thereafter introduced via a square 
waveguide 108 into a cavity resonator 101 and the ratio of reflected electric 
power/incident electric power is minimized by adjusting the position of a cavity 
length varying plunger 104 and the opening degree of a diaphragm 110. Gaseous 
SiT\ ; is introduced via a supply pipe 120 and a blow ring 112 into the film 
forming space lib. The hydrogen atoms in the excited state converted to plasma 
are neutralized by the porous metallic sheets 103a, 103b impressed with the 
voltages and are brought into collision against the gaseous SLF^. by which 
a chemical reaction is induced and the deposited film is formed on the substrate 
118. 
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*ft**jRTrfx#A*iii ne^K^if^- 

102 ^^#AU, »«*WM8 P9<D/E ^ * 0.02 
TorrC* ft tt. gMffi?):j:/ha-?-C-C*J« 
U ft . «^t. £ JS * >V ^ - M 9 * Ai » L/ » « 
110 <D*ffl«JK A<220 t^fi^KSSl^^fc. 




#«#ioi rtcfcAUft, ^««^3Cr 

— 104 *-106 & yffii|¥TI07 

CTtd^U, *(a^4> v 4 2 a & 5i<*EI»4' C » 

®m&*j#.y ? > & + — io« 4>tt». «ono © 

1E <o it « <> * < * 

T**na£^A#f«^<0tt#25O«fc***^» 

« Uft- 

# A 10SCCM* rf* {fttfr* J20 

*auT. # mi, v > #\u * o # * & m 

fci 0. 0 2Torr* « 0« g » ff 7) :? > h a — ? - 
W « U ft . 

C<Dfc*,*7ltl&*««<I))03a. (n) 




»BB¥3-158469 (10) 

I03btt % 2 ft C ?K U ft (i) * ffl ^ 103bC - 50V <0 

i: <0|RIWtt6Ooo, S^C^nfiSi^Cfi^L 
ft. ^AlftltBl/ V >^H2 B*3H(i) c^r 
m&r* 301a. 301a' Cffiit55\«tt 1.5«»fc 
U, ;*ft*;ta*tt3 0*<Dt>a>*ffiiAfc. 

SI t P« #**#AUT*6* BO^fflT. S.2 
M- <Dflft*<*>SI : H : F * '< tt » No . 1 - 1 > & M A 

* *x ft . 

X & * ?* IP ft * 0 aj U s BOf n*Si[110) 
^*/\-IC$8MJK Itt^T, H,*ft**70SCC»\ £ 
250TC *C »^ U ft O t*f^ t itt 

«K<Oflg A*tf * ■» ft: <K«No.l-2> . 

f»6ftft#*«JKKf4tC^T, JW # # *P <D $ 
36, X tttStff iiltCI'^^ M®m& (RHEED) (C J: 0 

t>«***tt ± 3 XUl^t, .a 8f4No.l-ltt 
#&1?fla. K»Mo.i-2tt t *Mf (no) 

« ig * n ft . 



A)<D < L>JB*'r ^ /ttt * *H 250^«. 

rti 5 «■ ) R.Zf 4 2<D V ? h M$ V . ^%in 

&Zf. * — /U * fcT V T -f (Mh ) * van 
der Pauw & C J: 0 *) £ l> ft Wr , * B5 C J* ^ T 
« 14 Mo . ) - 1 T tt a p/o d - 3.4x10* (op ft 
AM-1 JOAnf/c^TT <3« ) . |*f4 No. l-2?tt. 
*t h - 4 3 0 ± 12ca 2 /v.sec T * 0 , W tt # *ff tt fc 
(ff± 3 « ? * r> ft . 

* ft , SIMSCirOH^WM^-ffl^Ufti:^^' 
£t f*f No . 1 - 1 T tt 7 atoiicK , tt Jfl No . i - 2 t? (4 0 . 0 6 
atonic96T&-3ft. 

** o & bit***?* -5 ftP&<o* > 
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Ho.r-i. r-2 ) . » etifcfctt. Mi? 3.2^ 

2.8 m ■ . WJ9E^-m±4«T, ^?Lfl^JBf»fe2 

ft. tfc. SIMSfCJcQ, H**«*iM3£L/fcW. 
KWNo.l'-l t tt 9 atoaicX. No.l*-2 Ttt. 
0.08ato»ic?6 T * 0 . * SS M 1 *C tt ^ * * -» ft . 

*ft. -maim \ t ng« c «« no. i • - i c » , < 

« 14 No. I f -2 Ctt 

* — A/*try^-i < #t h ) * * 3£ u ft w , tnf 

nap/ad = 4.5xl0 6 (op (4 AM- I % T tf © 
. Ml) - 450 ± 13cB»/v.sec T * o ft . $6 
Kf4No.l'-1 C"3^T. ESR iRIS^6. 

'B^#aE* Jim Uft W. 5 x I 0' T splna/c» a fc tt 

*ft. »0igU*««-n^^fti:C^. > r 
/uW<D^*i!j«J*#rt>tt ± 6 XT*-?ft, 

Set:, A**Attf*fM-l 17-2A/SCC, 
I'M 8.9 A /sect <> *? ft. COC ktt, * *L 




4ft«#**24JLK:TftC4:K:Jr9. . IS tt ft ffi W ^ 
A<teiI£ft*-fc*^^T^s. o * »? * *i "C 

TSi:Ce: H : FM<0fKj***T-**. 

H a #A*20SCCM. Ar#X* 200SCCM* 7 9 X V 
$jft|C, SliF. #A * tOSCCM. CeF«#A <He# 

73 O.ZTorr, ISOt: . * */j A W * * <D « 

ftf3S0ff<D *ft ? AM U . 

«V> tt 9eF^X©««* 5 SCCM. !5SCCMkU 

^. « e ft fc tt» * * ft No.2-1. no. 2-2. 

No. 2-3 t Ufc. 

ft # *fi T #J ± 3 % *? * r> fc . 



B 4 * 



K *4 No. 


2- 1 


2-2 


2-3 




10 SCCM 


5 SCCM 


15 SCO! 


Si ; GeftU&b (atoaic?*) 


50 : 50 


60 : 40 


35 : 65 




J. 53 eV 


1.60 eV 


1.40 cV 


OP / <3d 


1.8X10* 


3.4X10* 


7.6X10* 




?*fffl¥3-158463 (11) 

/^H ( * v ~f fti 250m« . rli 5 5r & # 
U, 8Jjfo*EElov 

*(!00aff/c«>) fcRSttU't*;******!^^** 

y ?h mm* « wa©»ti **r **«mm 

U±<0*§* * 0 *3StB C J: <3 , & » C * « M <3 

TSi : C : H : F M <D JB jft * *T fit ■» fc • 

150<Z> i7059# ? A & & * ffl A 
(Si.F. #*2DSCCM. CH, #A10SCCM> tt 120d» 
6. B ( H,*f A 105CCM. Ar#A 150SCCM) tt 111 
A»6 *n^njAMfflM/ *«ftffiMK#A Jft 
W^fflf^/HZ*** 0.2TorrtU t & J£ ffl & 360t; 

IHI « I* M * *T ft -5 ft (KMM0.3O) . 

C H,*T A * 20SCC»t b . ftHL* 0.03Torr fc 
UftUHtt«WNo.3-li:fSJttlc U X A M * 4t <f 

^, f# 6 ft fc ten % No.3-2t b «: • 

<ii).(iII)kUfeUHttK»No.3-ltf81«l«CUT: 
*M<:tfft-»te ( « *4 No. 3- 3) ♦ 
» 6 ft ft JC» C w T SIKSC J: 9 

#~ftd*A < ± 3 %t$> -» Tt. 




&#tltt^r*t>IIfiP}£*5^T* tfj ± 3 % T 
*> ft . ^6nfcte*^*5*C^Uft. 

% 6 * 



K M No. 


3- I 


3-2 


3-3 


H * fi (atosk^) 


5.3 


8.0 


6.3 




2.15 eV 


2.18 eV 


2.25 eV 




2.5xl0* T 


B.8XI0-* 


3.2X10" 7 




»Bn¥3-1584r>H (12) 

|R**2*©<D.(II).(ni>i:3ttA* (HOC 
Ea^p-BiE-30V % ft *ft £ C ^ T AIM * *t * 

tt t t> C 1 .2cBfc U ft . 

^fc^-C^K*^*^**-* (K *4 No. 4-1. 
No. 4-2) , ffl 60#H3 T No. 4- Itt 2.8^» < 

No.4-2fct Z.Imb H : F J» A< Jf$ A £ 

* ft . 

spins/ci* ? *> D , tb«WlfcJt^C*tW*4MC 
u ~> X * . 

*ft)RJ9#*fl. RHEEO & C «*: 0 & A +1 * SB < ft 
«. N0.4-1B T * 4/7 r XR. No.4~2fct No. 1-2 J: 
9 6 (110)Cjfi^«I«fI* 5 ff"t&J t ^**^»^ 

± 3 JUtlWT* •» ft. 



f ctCJrO, 3^gW*tt*ft«affitt^^«^ 
ttft> o ft . 

ft. 

*Ts nS^ 9 — 1 C i/ 9 v XT X t 

4000X^5^^5/'; =f>W$rfl*j£Uft. 

(D) tt ***** 2 *«> (I) ^. CF4 

#A 205CCM. 0,^X 5SCCH<r#A#Xf in 6 
#XL A ^ ^ 7 — 2 00 W, O.OSTorrC TSlff 

2Q0 0A*T-t?*'V^**T->ft ( 8*4 No. 5-1) . 
* fc , i*«<^ft# : ¥*T¥JR3!!tf>Jfcl£ti^*:' 
< & T RJE* •& T > t? . CP, *f X 
* ffl V> "C . RFM V — 0.38W/CB*. ft /£ 0 . 04Torr 



TJR®E2000AtT^^^>^ ; S'^f^-7fc <»f* 
No. 5-2) . 

Sfe * » K £ ft af> s SIMSHW ^^-tT^^fctc^, 

R I E -C«<Q*rzH«^e>ttC*>F<Z>{feK:Fe. N f . 
Cr* <Oa^«A<^ai * *, **9l«>K*4No.5-I* 
6tt*±Mtt*aiH*ttTTA-* ft (3512(a) . 
c: <Z> ffi & « Si RrE«B0>l*tti*f4*»6lft£Uftfc 
O fc A 6 * S . 

^ v > ^rai ««No.5-lt tt 6 0 0 A 

/■in, «»4No.5-2T 4 8 0 A /« i nT & ft . 

* ft* UCSC^T J: 5 U P-n* * * ^ < *? » 
*©y— ^**0*3E**f^^. « 0 K » * 
iW< ft , 

t r p si y — 1 30 1 ± c flMt & t 

SiO, 1 3 02 J 000A V Aft £ if . 7 * h U X h 7 

^ . * O & 6 * ttSlO, 1302 t^^ni/t 
4 00 M« ft C^Ftf <P> **T*oft. C n T 




400 AWKIU. 7 3 rhU^Xha^»* rC * - 

A) . R! E (« » B > h x y f- V 

^ ( NH«Fi&* • tt*4 C ) tllU ^. => V * * h II 
J:CAi*B« J304fctf p gs/ »J rJV^i/x-©*® 
CAJ*«Sl30l*jK*l/ U- KHI307. 1 308**7 
^-^^^r^y^CJrOtfttUft* & * <0 H *4 . 
A. B. C tC r> i,\ X V — K U 1 30 7 . 1 30 8 % U T 

mo: c i o-«~ i o*v) *EP*ou, y-^u«toi£ 
rie ctt-<s^^iat^«ifflT*ft 

d< If! 6 fc * -a • 

©«***t«*gb, (2) fct (i> ©*«-*t*ia. 

9 3(i) 0^?I1S3 (c) B tt . *»iHK:»^tffl 
tt T 4 * D & ^ * CVD«Jt <D«Jttf»« 

e n ft & a. 3?IBl(cin*sa*jK:ttT*>-r*;'ttifc 
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»!»I¥3-1584Ba (13) 

( fctfi<D0>* ) 
* *< t# 6 *i * . 

ff & <D * W ffJ T « t *0 . »«^O3Xh(0ffi 

& . 

53 flpTtJEtfctf+l * ift U ft @). *UHtt*»«5T 
W h n ft tt » smsiHsfe c J:S#tt^*&**!fcx 

r«e*ift p-ny -r k©«3*h. SRHGBtt* 



101 R ft Sg^fH^m S. 

J 02 *Z As *? r — v 

103a.b *?Ltt*«*« ( I ) . (U > > 

104 3?iH£^Ift ^ 9 yj?*-. 

10 5 A * x 

106 * — * — . 

107 ft 9 * 7 , 

108 Jfc*«tt. 

109 E - H f A-f-XdX'J-X^ 

* * - * - , 

110 tt 0 , 

111 #A , 




112 tfAfcfc&U'vIV^, 

113 *r a* * a* u*, 

1 M feftit'&M* 

115 t£tt<t**A'*-££^®* 

116 

117 

118 

119 XJS**'*'-* 

120**- ^XfRlft/W/, 

121 h . 

122 l^ffl^O-/, 

123 5*77-f 

124 h * 

125 Bitltt* 

130.201 tgfMtSIKJ 

202 iQ^SIBJ, 

2 03 *?Ltt*B<*ti. 



204 ~2 06 .--*?ltt£«f*fi < I ) ~ (ID) 
3 0 1 , 302 . 303 ---*f Alfc & tB b V V 




»BBT3-15B4Bil (14^ 

301t~301d, 301a' — 30ld'. A ^ * # 

302 §~ 302 d. 3 02 «* — 302d*, *••{ 

3 03 t~ 303d Jl/TX, 

001 

802 V Y ^ n jJIAS. 

803 7 9 X T , 

804 

805. 8 1 0 #AfK*fttts 

806 to%0 , 

807 

808 ft* Jlttflttt A . 

809 . 

1301* pSJ/'J n * /\ — . 

1 302 SiO.JSv 

1 303 Si*N 4 Jg. 

1 30 4 . 1 306 Al'SEtt, 

1305 n ♦ K — 7f§s 

1 307 . 1 308 'J-K». 

I 1ft 1 ^« . 

2 * 2 

3 » 3 



*2 



W «F as BB A 

ft m a #?i± a* ** js 



( 1 ) 



203 (E: 



202 




(2) 
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?*Bfl¥3-1584B3 (18) 



IM4E] 



JR13 SI 



1307. 



^Vj 1304 



,1303 



"1301 



V 1305 
1308 ™>6 









< 






**> 


W" 






w n 




h 
n 

a. 


w" 




J 


w' 2 






-382- 



